Perhaps it would be in the liver that an application of image analysis to morbid anatomy is most fruitful. Every cirrhotic or precirrhotic liver has its own gross morphologic feature, which is susceptible of geometric treatments on account of clear histologic pattern. Previously, one of us attempted morphometrical expression of these in association with Suwa et al. (1964) . In that attempt, cirrhotic liver was assimilated with a geometric model, in which the nodules were replaced by spheres of different radii. The pattern was reduced to a combination of parameters such as the mean and variance of nodular radius or the interstitial volume ratio, which were obtained by computation based upon the stereological theorem derived in that study.
What these parameters describe is, however, only a partial illustration. There does exist in the pattern of liver lesions another important property that requires analysis by a different strategy. For instance, the advancement from chronic hepatitis to cirrhosis is evaluated, especially in a prospective study from serial biopsies, by the degree of lobular distortion, i.e., the degree to which the parenchymal areas assume nodularity. This property, though having a decisive influence upon the evaluation of prognosis, has been subjected to intuitive judge ment alone, mainly for lack of proper measure. In reality, however, it can be appreciated exactly in quantitative terms, if the picture is re-examined from the viewpoint of structural connectivity. In this paper we shall introduce the parametrization of connectivity we have recently devised for two-dimensional images, and present its application to the histopathology of the liver. Connectivity' , in a geometric sense, may be exemplified if the patterns in Fig.   1 are brought to comparison. The two livers, having similarly coarse nodules and thin septa, show a marked difference in the grade of nodular change. It appears evidently more advanced in Case A than in Case B and, on closer examination, one can realize that the difference is due to different connectivity of nodules ; in Case A they appear almost completely separated by septa, while in Case B they are deeply connected with the neighboring ones forming a continuum. The relation may be generalized. For the purpose of the subsequent extension, we simplify the histologic picture of liver diseases into a two-phase pattern composed of variously connected two phases, the parenchymal (nodular) and the interstitial (septal) phases. Here we suppose a state in which, as shown in Fig. 2c , the interstitial phase is connected wholly. As a consequence it follows that the another phase, the parenchyma, is separated to disconnected parts. Con- versely, overall connection of the parenchymal phase as in Fig. 2d causes the inter stitium to be separated. The former state corresponds to more completed, and the latter to less completed nodularity. In this example we find an important property of pattern, the connecting relation between two phases, to determine in diseased livers the degree of advancement of nodular change. Connectivity in a pattern like cirrhosis can be expressed in any of the four ways; by the degree either of connection or of separation with respect to either phase. In the present study, we choose as the guide parameter the degree of separation of nodular phase, chiefly on account of plainness when used in actual morphological description.
DETERMINATION OF THE DEGREE OF NODULAR SEPARATION ƒÏƒAE
Relevance to the three-dimensional structure
Before going into specifics, let us consider what kind of three-dimensional structure produces so various connectivity on two-dimensional section of cirrhosis.
If all nodules were spherical in shape and dispersed separately in the space, on a random cut surface they must form circular sections alone, without showing interconnection between the circles. This is, however, not the case. Even when nodular pattern appears complete, one never fails to find 'lobulated' nodules, a sign of nodular joining (Fig. 1A , arrows). According to one of us (Takahashi, 1978a, b) , nodules are by no means an independent structure. They are aggregated with the neighboring ones in the form of nodular chain, which is moreover so multiply interconnected in the space as to form a three-dimensional network (Fig. 3 ). This structure, confirmed in various types of cirrhosis and its precursors, is regarded as the framework common to these lesions, no matter how much completed the nodular structure may appear on section. Now, this three-dimensional structure is related to the various two-dimensional connectivity by the model of Fig. 2 . Here we assume that the grade of nodular coalescence varies from case to case. Of course, `coalescence' does not imply union of once separate nodules; it is nothing but a description of connected structure. It may be clear in this model that if, as in Fig. 2a , the nodules are connected slightly in the space, they are apt to appear as separate sections on a cut surface, although there may be occasional lobulations (Fig. 2c) . But, when the coalescence becomes deeper and closer, connection on cut surface also advances more and more, finally attaining to the state of Fig. 2d , in which the nodular sections are wholly united, breaking the interstitium to disconnected pieces. During this process the twodimensional image has experienced a notable conversion; from the pattern of `separate nodules' to that of `separate interstitium' .
In constructing the above model, information was obtained from the field. of powder metallurgy, especially from the studies of DeHoff and his associates (1968, 1970) dealing with the problems of sintering. square. Tangents at convex and concave arcs were discriminated by entering different marks in the tracing (Fig. 7) .
All the livers prepared were subjected to histometrical determination of p,. The results were not only brought to comparison between the groups, but related with the weight of the liver and that of the spleen. between pq and the weight of the spleen.
RESULTS AND DISCUSSION

CONCLUSIONS
The above description outlines the theory and practice whereby to analyze twodimensional images in terms of connectivity. This affords a new scope of view in morphological studies, which may be effective especially when the morbid process in question involves transformation of structural framework which determines the pattern. Thus an analysis of connectivity is of fundamental importance in a study of morphogenesis. Chronic liver diseases present a pertinent example for its application, but there may be many other subjects waiting analysis from that angle, not only in the domain of pathologic anatomy of organs but in different fields including cellular or subcellular pathology. We are looking forward to more profound understanding in this aspect of morphology.
